Composition and function 
of IF 


Calcium 


e Because such a large amount of calcium is 
stored in bone, it is the most abundant 
mineral in the body. Our bodies contain 
1200 g of calcium. 

e About 98% of the calcium in adults is 
located in the skeleton and teeth, where it 
is combined with phosphate 
crystal lattice of mineral sal 


Calcium 


e The calcium in the body fluids can exist 
in three forms: 

- In body fluids, calcium is mainly an extracellular 
cation (Ca2+). The normal concentration of free 
or unattached Ca2+ (about 50% of the calcium in 
the fluids) in blood plasma is 4.5-5.5 mEq/ liter. 

- About the same amount of Ca2+ is attached to 
various plasma proteins (about 40% of the 
calcium in the fluids). 

- Complexed with other ions (about 10% of the 
calcium in the fluids). 

e Of these three, the free cation is the most 
important for the physiological functions and its 
concentration must be carefully maintained. 


Calcium 


e Besides contributing to the hardness of 
bones and teeth. 


e The calcium in the blood is important for a 
number of functions, including 
- blood clotting 
- muscle contraction 
- cell metabolism 
- enzyme activity 

e In addition, calcium helps to stabilize cell 
membranes and is essential for the 
release of neurotransmitters from neurons 
and of hormones from endocrine glands. 


Calcium 
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Calcium 


e The calcium in the blood is important for a 
number of functions, including 
- muscle contraction 
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Calcium 


e The Ca2+ concentration in the extracellular 
fluid is kept at approximately 10-3 M, and the 
Ca2+ concentration inside the cells is kept at 
approximately 10-6 M. 


e The body has several mechanisms to 
maintain these ion concentrations. 


- The cells have channels and pumps that regulate 
the flow of calcium ions between the cells and 
the extracellular fluids via the cell membrane. 


- In addition, the calcium ions can be removed 
from or bound to the calcium-binding proteins in 
order to increase or decrease, respectively, the 
free-ion concentration. 


Calcium 


e The most important regulator of Ca2+ concentration 


in blood plasma is parathyroid hormone (PTH). 


e A low level of Ca2+ in blood plasma promotes 


release of more PTH, which stimulates osteoclasts 
in bone tissue to release calcium (and phosphate) 
from bone extracellular matrix. Thus, PTH increases 
bone resorption. 

Parathyroid hormone also enhances reabsorption of 
Ca2+ from glomerular filtrate through renal tubule 
cells and back into blood. 

PTH also increases production of calcitriol (the form 
of vitamin D that acts as a hormone), which in turn 
increases Ca2+ absorption from food in the 
gastrointestinal tract. 


Calcium 


e Calcium is absorbed through the intestines 
under the influence of activated vitamin D. 
A deficiency of vitamin D leads to a 
decrease in absorbed calcium and, 
eventually, a depletion of calcium stores 
from the skeletal system, potentially 
leading to rickets in children and 
osteomalacia in adults, contributing to 
osteoporosis. 


Calcium 


e In case of rise in Ca2+ level in the blood the 
hormone called Calcitonin (CT) is produced by 
the thyroid gland that in particular has the 
ability to decrease blood calcium levels at least 
in part by effects on two well-studied target 
organs: 

- Bone: Calcitonin suppresses resorption of bone by 
inhibiting the activity of osteoclasts, a cell type that 
"digests" bone matrix, releasing calcium and 
phosphorus into blood. 

- Kidney: Calcium and phosphorus are prevented from 
being lost in urine by reabsorption in the kidney 
tubules. Calcitonin inhibits tubular reabsorption of 
these two ions, leading to increased rates of their loss 
in urine. 


Hypocalcemia 


e Abnormally low calcium blood levels, is 
seen in hypoparathyroidism, which may 
follow the removal of the thyroid gland, 
because the four nodules of the 
parathyroid gland are embedded in it. 


Hypocalcemia 
Numbness and tingling of fingers, 
hyperactive reflexes 
muscle cramps, tetany, convulsions 
bone fractures 


Spasms of laryngeal muscles that can 
cause death by asphyxiation 


Hypercalcemia 
e Abnormally high calcium blood levels, is 
seen in primary hyperparathyroidism. 
e Vitamin D toxicity 
e TGFa increase 
e Osteolytic metastatic bone destruction 


e Some malignancies may also result in 
hypercalcemia 


e Renal failure 


Hypercalcemia 


Lethargy, weakness 

anorexia, nausea, vomiting 

Polyuria 

itching, bone pain 

depression, confusion, paresthesia, stupor, 
and coma 


Magnesium 


Magnesium is an intracellular cation, that 
effect very little osmotic pressure in ICF or 
ECF. The effects are secondary to its role in 
the metabolism of calcium, potassium and 
sodium. 

In adults, about 54% of the total body 
magnesium is part of bone matrix as 
magnesium salts. 

The remaining 46% occurs aS magnesium 
ions (Mg2+) in intracellular fluid (45%) and 
extracellular fluid (1%). 

Mg2+ is the second most common 
intracellular cation (35 mEq/liter). 


Magnesium 


Magnesium can be transported freely across the 
cell membrane and remain bounded inside the 
cells with the enzymes. 


Where it serves as co factor mainly for the for the 
enzymes involved in metabolism of ATP, 
carbohydrates and proteins and for the sodium- 
potassium pump. 

Like calcium, binds to the phosphorylated groups 
of the cell wall lipids, and acts as a membrane 
Stabilizer. Thus there isn’t very much free 
magnesium in the actual cell water; its all 
complexed 

Magnesium potentiates the effects of 
neuromuscular blockade (both depolarizing and 
non-depolarising). 


Magnesium 


Is also essential for normal 


e neuromuscular activity, contraction and 
relaxation of muscles 


e synaptic transmission, proper neurological 
functioning and neurotransmitter release. 


e myocardial functioning. 


e In addition, secretion of parathyroid 
hormone (PTH) depends on Mg2+. 


Magnesium 


e Normal blood plasma Mg2+ concentration 
is low, only 1.3-2.1mEq/liter. 
Several factors regulate the blood plasma 
level of Mg2+ by varying the rate at which 
it is excreted in the urine. 
e The kidneys increase urinary excretion of 
Mg2+ in response to 
- Hypercalcemia 
- hypermagnesemia, 
- Increases in extracellular fluid volume 


- decreases in parathyroid hormone 
- acidosis. 


Phosphate 


About 85% of the phosphate in adults is 
present as calcium phosphate salts, which are 
structural components of bone and teeth. 

The remaining 15% is in ionized form and 
present mostly intracellularly, only less than 
1% present in the ECF. 

Phosphate is present ICF in three ionic forms: 
H,PO,-, HPO42-, and PO43- these are the 
important anions inside the cells. 

In the ECF the predominant form is HPO4?2-. 


Phosphate 


e Although some are “free,” most phosphate 
ions are covalently bound to organic 
molecules such as lipids (phospholipids), 
proteins, carbohydrates, nucleic acids (DNA 
and RNA), and adenosine triphosphate (ATP). 
Phosphates contribute about 100 mEq/liter 
of anions to intracellular fluid. 

e The normal blood plasma concentration of 
ionized phosphate Is only 1.7-2.6 
mEq/liter. 

e The phosphate homeostasis is regulated 
by parathyroid hormone and calcitriol. 


Phosphate 


e PTH stimulates resorption of bone 
extracellular matrix by osteoclasts, which 
releases both phosphate and calcium ions 
into the bloodstream. 


In the kidneys, however, PTH inhibits 
reabsorption of phosphate ions while 
stimulating reabsorption of calcium ions by 
renal tubular cells. 

e Thus, PTH increases urinary excretion of 
phosphate and lowers blood phosphate 
level. 
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Calcitriol promotes absorption of both 
phosphates and calcium from the 


nactronintactingal tract 


Phosphate 


e Fibroblast growth factor 23 (FGF 23) isa 
polypeptide paracrine (local hormone) that 
also helps regulate blood plasma levels of 
HPO42-. 

e This hormone decreases HPO4?- blood 
levels by increasing HPO42- excretion by 
the kidneys and decreasing absorption of 
HPO4?2- by the gastrointestinal tract. 


Hyperphosphatemia 


e Hyperphosphatemia, or abnormally 
increased levels of phosphates in the 
blood, occurs if there is decreased renal 
function or in cases of acute lymphocytic 
leukemia. 


e Additionally, because phosphate is a major 
constituent of the ICF, any significant 
destruction of cells can result in dumping 
of phosphate into the ECF. 


Hypophosphatemia 


e Hypophosphatemia, or abnormally low 
phosphate blood levels, occurs with heavy 
use of antacids, during alcohol withdrawal, 
and during malnourishment. 


e In the face of phosphate depletion, the 
kidneys usually conserve phosphate, but 
during starvation, this conservation is 
impaired greatly. 


Bicarbonate 


e Bicarbonate ions (HCO,~-) are the second 
most prevalent extracellular anions. 
Normal blood plasma HCO,- concentration 
is 22-26 mEag/liter in systemic arterial 
blood and 23-27 mEq/liter in systemic 
venous blood. 


Bicarbonate 


e HCO,- concentration increases as blood 
flows through systemic capillaries because 
the carbon dioxide released by 
metabolically active cells combines with 
water to form carbonic acid; the carbonic 
acid then dissociates into H+ and HCQ,-. 

e As blood flows through pulmonary 
capillaries, however, the concentration of 
HCO,- decreases again as carbon dioxide 
is exhaled. 


Bicarbonate 
e Intracellular fluid also contains a small 
amount of HCO,~-. The exchange of Cl- for 
HCO,- helps maintain the correct balance 


of anions in extracellular fluid and 
intracellular fluid. 


Bicarbonate 


e The kidneys are the main regulators of 
blood HCO,- concentration. 

e The intercalated cells of the renal tubule 
can either form HCO, and release it into 
the blood when the blood level is low or 
excrete excess HCO,- in the urine when 
the level in blood is too high. 


